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Abstract 
Stormwater draining from impervious surfaces in urban areas often contains readily soluble salts in runoff, which 
contribute dramatically to the degradation of aquatic ecosystem. The concentrations of potassium (K), cadmium (Ca), 
sodium (Na), magnesium (Mg), chloride (Cl) and sulfate (SO42-) in stormwater runoff in the urban areas of Shenyang 
city were measured in 4 rainfall events during July 2009 to June 2010. The results showed that there was an obvious 
increasing of salt ions concentrations in stormwater runoff samples, especially Na and Cl. It is also found that readily 
soluble salts ions in stormwater runoff peaked at the first storm event after winter. This study demonstrated that the 
applied deicing salts in winter significantly contributed to the increasing concentrations of K, Ca, Na, Mg, Cl, and 
SO42- in urban stormwater runoff. It is evident that the application of deicing salts in cold regions of China every year 
has had adverse impacts on the aquatic ecology through stormwater runoff. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
Stormwater comprises rainwater and meltwater draining from impervious surfaces, such as roads and 
roofs in urban areas, and often contains organic and inorganic compounds, nutrients, oils, greases and 
heavy metals as well as readily soluble salts in runoff [1]. The salt containing water runs off into streams, 
lakes or storm sewers or infiltrates into the soil eventually reaching the groundwater, which will 
contribute dramatically to the degradation of chemistry and biota in soil and water [2]. During the winter 
seasons, deicers such as sodium chloride (NaCl) and calcium chloride (CaCl2) are used to treat snow and 
ice on impervious surfaces in northern temperate zones for road safety [3]. Large quantities of deicing 
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salts are also applied to urban areas in Northeastern China. According to statistics of Shenyang 
Environmental Sanitation Engineering Design and Research Institute, the application of deicing salts 
spread as moistened salt or mixed with sand in winter months increased from 6,000 tons in 2003–2004 to 
11,000 tons in 2010–2011 [4]. This salt input has proved to increase the salinity in urban stormwater 
runoff in several studies [5-6]. Our previous work showed that the mean concentration of sodium and 
chloride in snowmelt of Shenyang city were 1521.02 mgL-1 and 6079.93 mgL-1, respectively, which is 
much higher than the mean concentration of chloride in urban snow of Cincinnati, USA [7-8]. 
In comparing the cations and ions in the stormwater runoff, the aims of this work was to investigate 
whether the use of deicing salt could significantly induce the changing of chemical characteristics of 
stormwater runoff in urban areas of Shenyang, Northeastern China. 
2. Methods 
2.1. Study areas 
This study was carried out in urban area of Shenyang City (E: 122°25’–123°48’, N: 41°11’–43°02’), 
the economic, cultural, financial and commercial center of Liaoning province, which is located in 
Northeast China. This region has a temperate monsoon climate, with annual mean temperature of 6.29–
9.7ć and annual rainfall of 600–800 mm. The region experiences an average January temperature of 
8.5ć. Most of the rainfall occurs in summer. Within its jurisdiction, the city has 9 districts, 3 counties, 
1 city, and 5 development zones, with a population of 7.2 million, and an area of 13,000 km2, in which 
the total area of streets and roads is 52.61 km2. Richly endowing with mineral resources including coal, 
oil, gas, and iron ore, Shenyang is the most famous old industrial base in China. It has over 5,800 
industrial enterprises, with a complete set of industries including metallurgy, chemistry, pharmacy, 
textiles, electronics, automobiles, aviation, building materials, and machine manufacturing [9]. 
2.2. Sampling 
Sampling was conducted July 2009 through May and June 2010. Stormwater runoff samples were 
collected from 31 sits along the main road of Shenyang City (Fig.1). Samples of stormwater runoff were 
collected in the campus of Liaoning University during each storm event as a control. All stations were 
sampled on 4 occasions each (table 1). Sampling on July 11 in 2009, May 4, May 17 and June 18 in 2010 
were taken from the road impervious surface around the storm drain during or just after rain events. In 
particular, the rainfall of May 17 in 2010 is the first stormwater event after winter. All water samples 
were collected into 2 L plastic bottles and stored at 4ć. The water at each point was sampled in triplicate 
to confirm reproducibility of analytical procedures. 
Table 1. Characteristics of rainfall events and stormwater samples. 
Event Date Rainfall depth Description 
1 07/11/2009 28.5mm one of the typical stormwater events in 2009 
2 05/04/2010 24mm the first stormwater event after winter in 2010 
3 05/17/2010 16mm the second following stormwater event in 2010 
4 06/28/2010 19mm the third following stormwater event in 2010 
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Fig. 1. The sketch map of sampling locations. 
2.3. Ions concentrations analysis 
Calcium (Ca) and magnesium (Mg) concentrations were determined by flame atomic absorption 
spectrophotometer, potassium (K) and sodium (Na) with flame emission spectrophotometry (SpectrAA-
220, Varian). Standards were added to the samples to eliminate the interaction of the sample matrix. 
Certified reference materials and blanks were included in each digestion and mineral detection. Chloride 
content was determined by ion chromatography using Dionex columns and the eluent was a 
Na2CO3/NaHCO3 mixture prepared by using degassed water. 
3. Results and discussion 
3.1. K, Ca, Na, Mg, Cl- and SO42- contents in stormwater runoff in different storm events 
Stormwater runoff samples collected from the 30 sites in 4 storm events. The ions concentrations in the 
event 1 in summer 2009 were averagely 3.96 mgL-1 (1.65–6.26 mgL-1) for K, 9.97 mgL-1 (6.15– 
13.78mgL-1) for Ca, 5.21 mgL-1 (0.5–9.91 mgL-1) for Na, 1.51mgL-1 (0.77–2.24 mgL-1) for Mg, 12.79 
mgL-1 (9.11–23.95 mgL-1) for Cl and 21.15 mgL-1 (16.96–41.66 mgL-1) for SO42-. The ion 
concentration of stormwater runoff increased in event 2, the rainfall of May 17 in 2010, which is the first 
stormwater event after winter, for K averaged 16.32 mgL-1 (14.28–18.32 mgL-1), Ca averaged 20.94 
mgL-1 (17.13–26.31 mgL-1), Na averaged 9.66 mgL-1 (8.98–9.73 mgL-1), Mg averaged 4.41mgL-1 
(4.00–4.54 mgL-1), Cl averaged 67.11 mgL-1 (28.08–119.76 mgL-1) and SO42- averaged 49.73 mgL-1 
(29.69–61.78 mgL-1). The ions concentrations in the following rainfall events were averagely 5.75 mgL-1 
(0.34–11.29 mgL-1) for K, 12.97 mgL-1 (6.15–18.83 mgL-1) for Ca, 5.44 mg L-1 (0.50–9.91 mgL-1) for 
Na, 2.03mgL-1 (0.77–2.75 mgL-1) for Mg, 16.31 mgL-1 (4.54–37.59 mgL-1) for Cl and 22.29 mgL-1 
(7.31–41.66 mgL-1) for SO42- (Fig. 2).  
It was immediately obvious that readily soluble salts ions in stormwater runoff peaked at the first storm 
event after winter (event 2) that and declined in the following storm events (Fig. 2). The stormwater 
runoff of event 2, the first storm event after winter in 2010 contained significantly more readily soluble 
salts ions than event 1, the storm event in July 2009 (p<0.05). No significant difference was found in the 
other three storm events (p>0.05). The results showed these readily soluble salts ions in stormwater 
runoff exhibited a seasonal first flush. Shenyang’s climate is typified by winter and spring drought and 
summer precipitation. The rainfall pattern creates a long period for pollutant build-up, and therefore the 
initial storm of the season may have higher pollutant concentrations than in later events [10]. 
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Fig. 2. (a) The cations contents in urban stormwater runoff in four storm events; (b) Cl- and SO42-  cations contents in urban storm 
water runoff in four storm events. The error bars stand for the deviation coefficient of ion concentration between different 
sites. 
3.2. K, Ca, Na, Mg, Cl- and SO42- contents in stormwater runoff 
In the rainfall of May 17 in 2010, the first stormwater event after winter, the average concentration of 
K, Ca, Na, Mg, Cl, and SO42- in the thirty stormwater runoff samples collected from the main road of 
Shenyang was respectively 13.91 mgL-1 (8.92–18.83mgL-1), 18.14 mgL-1 (9.18–34.19 mgL-1), 8.82 
mgL-1 (7.05–10.28mgL-1), 3.79 mgL-1 (1.94–4.85 mgL-1), 40.86 mgL-1 (16.51–119.76mgL-1) and 
41.64 mgL-1 (21.45–93.01 mgL-1). The concentration of K, Ca, Na, Mg, Cl and SO42- in stormwater 
runoff from control campus was respectively 12.50 mgL-1, 11.97 mgL-1, 3.21 mgL-1, 2.60 mgL-1, 4.17 
mgL-1 and 25.24 mgL-1 (Fig. 3). The concentrations of K, Ca, Na, Mg, Cl and SO42- in stormwater runoff 
were respectively 1.11, 1.15, 2.74, 1.45, 9.80 and 1.64 times that of control.  
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   Fig. 3. (a) The cations contents in urban storm water runoff; (b) Cl- and SO42- contents in urban stormwater runoff. 
The results in the first stromwater runoff showed that the components of salts ions of increasing 
concentrations in stormwater runoff corresponded with the components of deicing salts. It is evident that 
the application of deicing salts contributed to the increasing concentrations of salt ions in urban 
stormwater runoff.  Previous study also showed that very high Na, Ca and Cl concentration in water 
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samples in lakes located at city parks and Hun River [7]. It demonstrated that salt ions in urban 
stormwater runoff were an important source to waterbodies. 
4. Conclusions 
The results showed that there was an obvious increasing of salt ions concentrations in stormwater 
runoff samples, especially Na and Cl. It is also found that readily soluble salts ions in stormwater runoff 
peaked at the first storm event after winter. This study demonstrated that the applied deicing salts in 
winter significantly contributed to the increasing concentrations of K, Ca, Na, Mg, Cl, and SO42- in urban 
stormwater runoff. It is evident that the application of deicing salts in cold regions of China every year 
has had adverse impacts on the aquatic ecology through stormwater runoff. 
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